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ABSTRACT: 

Ethylene (co)polymers each having specified values of (1) density, (2) molecular weight 
distribution (Mw/Mn), (3) relationship between die swell (DS) and shear rate ( gamma ) in a 
region of shear rate ( gamma ), (4) relationship between stress ( sigma ) and maximum stress ( 
sigma max) in a stress-strain curve in uniaxial stretching, (5) the ratio of sample diameter to initial 
sample diameter and the time for sample breakage during uniaxial stretching under a constant 
tension, laminates and hollow moldings made by using the same. The ethylene ( copolymers are 
excellent in drawdown resistance, puncture resistance, parison control response, pinch-off 
properties, durability, and fire resistance. 
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(CO)POLYMERS, AND LAMINATE AND HOLLOW MOLDING MADE BY USING 



(54) ETHYLENE 
THE SAME 

(57) Ethylene (co)polymers each having specified 
values of (1) density, (2) molecular weight distribution 
(Mw/Mn), (3) relationship between die swell I (DS) and 
shear rate (y) in a region of shear rate ( Y ), (4) relation- 
ship between stress (a) and maximum stress (cmax) in 
a stress-strain curve in uniaxial stretching, (5) the ratio 
of sample diameter to initial sample diameter and the 
time for sample breakage during uniaxial stretching 
under a constant tension, laminates and hollow mold- 
ings made by using the same. The ethylene (copoly- 
mers are excellent in drawdown resistance, puncture 
resistance, parison control response, pinch-off proper- 
ties, durability, and fire resistance. 
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Description 
TECHNICAL FIELD 

, ^^^^^^^^^^^^ 

ings made by using the same. 
BACKGROUND ART 

k « howoranp battles and vegetable oil bottles, large ves- 

„ [00021 Generai.y.detergentbottl^^ 

simple and molding costs covering molds « J»JM» cans and large containers, substitution by plastics is 
verting Oology by . elusion kMs> t^Ln brMps do«n due to itt own weigrt 

35 ance such as alteration of the shape of a mold. artd an increase in vis cosity 

[0008] Conventionally, there has been a problem tha ™^ tion of extrusion properties (extrusion 
norder to improve the drawdown res,st^ 

rate, parison surface conditions) anc Iwrita ^^'J^^STlht method in which a multi-step polymen- 

(Japanese Patent Application Laid-open No. Hei |W*0W* erc ■ s0 ^ ^ improv e- 

M H W *veuecent^ 
« merrtofdrawdownresistance^^ 
astable manner. Also, in orderto.rnp^^ 

provided with an dhylene/^nyl acetate copoly^ uous lype havmg a 

resistance, as a barrier material. In molding them a blo« mrtj '™ is becoming to be put in use for blow mold- 
mS^ 

so ing larger fuel tanks in place of a blow ^S^^SSmX^ type molding machine takes a 
ss nsuff icient in drawdown resistance for oMMng "^JT^J^ comp | icated , there come into question phe- 

rmith a r~ 

at its corner portions, etc. 
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[0012] To P re™t^^ 

ocontrol the thicl^essofaparison However.^ 

nUidentparisonthk^esscontrollab.lJ complicated shap es. there have 

s desired. Aso, as the method ^J^J^^jS^^. 42 No. 5, p.64-71) and the method m 
s beenknown. tor example, themethod (Plastics. Vol. 41. No. 10, p.59-69). However, 

which a blow molding machine with a gratis and mold are high, 

the above-mentioned methods ^^^^^^Zm^m^^mmiMO^^ 
[00131 Furthermore, in thetield of fuel tanks. sp ecHied range and inherent viscosity, 

have been propos^^ 

„ zeroshear viscosity and ^^^SSSSS^M 7-101433). However, they are in an ,nsuff.c.ent 



DISCLOSURE OF THE INVENTION 

oil properties. . .. . ^„™i..Mow molded products which are improved against the 

m0«l Another object ol the present invention ,s to prowte *« ™W«P shapKl and 

requirements (a) to (d): 

(a) a density of 0.93 to 0,98 g/cm 3 , 

(b) a molecular weight distribution » » » „ (DS) and a snear rat e (y) measured in a region 

DS = axLn( r )+b 

35 are such that a^O.05 and W^B. ^ (amax) in . stress*train curve for 

(d) that the stress ratio of a stress (a) at a strain oi ..u i 
SiL sketching ato.t sec' m^ 

Preferably, the present invention relates to an ethylene (.cojpwyn 

(e) that a value of (a) as defined by the equation (2) below 



(2) 



ethylene (co)polymer or composition thereof, preferaDry a 

ethvlene (copolymer or composition thereof. , aminatB romDrisina a layer comprising the above-men- 

55 tinned ethylene (colpctyme. or composition thereof a >^ ^'^Me res ine. ethylene/..* ace- 
alairMeinv^hmetanitflatro^ 
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„ — -i'-p*^— — — — — " 

BRIEF DESCRIPTION OF THE DRAWINGS 

conparative example using a mold (1), with (a bang ^nV" J. ft mWdle portio n (M). with (b) 

20 DETAILED DESCRIPTION OF THE INVENTION 
[0023] Hereaner.thepreserti^ 

0024 The present invention has been «^ b ^£!^^e carbon atoms and having a density, a 

ance with the equation (1) below 
« DS = ax Ln(r) + b 

b;^rrS"r~•Kl•-.•^-•-•-'•■■•"■' , — • 
• s-su— — — — — 

the equation (2) below 
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a = e/t 



uniaxial* stretched under a constant tension such , ^ , ^ r r ^ n ( pl ^ breakagG is not shorter than 25 secc^ds. If a 
5 at 170 °C is 3.0x10* Pa is not greater ^""^^ bE* JL, 25 seconds results in a shortened 
p«eeds 0 03 the deformation speed is higher whereas time w w 

[00331 The ethylene Mporyrner ol the present imenlonn as fuel tanks is preferably 5.0 (9(10 
ST -ethod^^^ 

as the requirements (a) to (d) above, durably ^*^^SLa a slurry polymerization method, a sou- 
» (O.aresataiedarrfrtcanbep^^ 

on polymerization method, etc.. in the presence * a ^ 
rnetaHocene type catalyst or the lite. 
peratureis usually l5to350=C.pre1erably 20 to^ 

is usually from atmospheric to 70 KgG/cm 2 . preferably r atm J*"™^* tne ^erization pressure is usually not 
25 methods,whereasinthe<ase^^^ 

higher than 1 ,500 KgG/cm 2 . The polymer.zat.on method ^ n ^ t .°" e J uc P h 7 s y hydrogen concentration, monomer con- 

30 Kr^entinventio,^ 
LUanti-foggingagerrts, organic ^ 
agents, crosslinking agents, foaming agents, flame retaraanis, eio 

object is not obstructed. „ | ding made of the above-mentioned ethylene 

components for constituting simple toilets, ^«^ l, ^ positfon thereof may be blended with in addition , to the 

i,ed particularly to a COM parison method. a ^ s " ™fj cor^rlsing at least a layer tomp-ISng the 

« [00391 m another aspect, me present ™er» -elates to a «n e I* rKin ^ ^ , 

Lns. ethylene/viny. acetate copo-ymer m^^^ £ Sate resins, or compels thereof. From 
polyacetal resins, polyester resins, *f ne *SS! ethylene/vinyl acetate copolymer saponifica- 
L viewpoint of performance and physical chloride resins are desirable. 

br^Se^^ 
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S er and mixtures or polymer alloys of these wrth P«ydeh* ^ , jdene unit content 

K ol* Mud. »ary « ,?KS££2S S «*»** 

unmodified polyolefin and optionally rubbers, etc., if desired parfcuWy but gener- 

SSfl E lending proportion of the adhesive resin and unm rt ^'^^^ n b ' S wejght . Further, it is desirable that 
KlnmXp^ or composition thereof be 

K corrtentd unsaturated cartx^lic acKl o^ 
40 selectedintherangeoflO-toloW 

of below 1 0 mole, the adhesive strength is insutticiem dui a 

w "oel" and be uneconomical. , u-„u /m oHi. .m riensHv colvethylenes, linear low density poly- 

« mM* estec copolymers such as e * OT ^^^ en ^ em »|(m 8 lh)«orylalecqJOI,i««.P'<ml- 

polyethylene. «y*« *"* P*** 1 "* * ""^JL, used in the present irwertfon include acrylic acM 
EeolreacMtyarKleaseorr^^ 
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h« narlormed. For large vessels such as fuel tanks, arum cans r »u M that local Mnnins tends 

LTolayer .easels, detective moBinos ol a laminate cuntawn, a ^" « « ^ ^ as bun. or a 

The layer structure of the hollow multilayer vessels ^'^^^^^vOH, HDPE layer of the 

, 5 invention/adhesive layer/polyester re ^ P ^;™^ 

layercrftheinvention.HDPEIaye^ the invertion/adhesive layer/PET/adhes.ve 

uT(EVOHVadhesive layer/HDPE layer of the .nventon, HDPE layer/P A/adhesive layer/HDPE layer 

£riHDPE layer of the invention, HDPE layer of the ,nven*on + "DPE/adhesiv^ , aye r/PA/adhe- 
SSrecycledlayer^ laye , .cycled .ayer . 

Sgs.flenera..ythethicknes S of barrier.^ 
25 mm, and the thickness *f™ J Sn invention or composition thereof and the th-ckness 

BEST MODE FOR CARRYING OUT THE INVENTION 

35 

[Test Method] 

(1) Density: According to JIS K6760. 
« (2) Flexural modulus: According to ASTM D790. 

(3) HLMFR: According to JIS K6760. 

(4) Measurement of molecular weight distribution: 

so (5) Measurement of Die Swell: 

[0062] "Capillograph 1 C" manufactured by Toyo Seiko w« i used 1 mm g )ength of 40 mm 
5063 Asamplemo.tenat230-Cwase^ 

and an inlet angle of 90° in a region of shear f^J^^^^ ^n^" 
55 when the length of strand reached 75 mm was measured using i a Jaser a a fl6 Ds/Do 

re^ntheoutlet.cap^ 
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DS = axLn(y)+b. 



3) Measurement of Stress Ratio 



SSw^SS.-n-* piston*** oHOm- 

Mcfrni" > mftrtfl fBlrM8 RatiQ 

defined "amax" and stress ratio "amax/a1 .0" was calculated. 
msmss ^ of g Value and Time for Breakage. 

of sample) was3.0x10 4 Pa. |e diameter aft er t seconds, then 

as a time for breakage. 

(7) Extrusion Properties: 

[006 91 Multilayer blow rrCding machine "NB30" —red by Nippon Seifcsho (main materia, extruder: 90 
Li) was used and the extruded amount was measured at 60 rpm. 

(8) Drawdown Resistance: 

,0701 MM. blow molding machine "NB30" mrtttnd » ^J^^ISSS 
prison weighing 8.5 kg was extruded at a res,n *^J^£^J^ due to shrink back was sag- 
^length of parison with lapse of time were 

JSJiSI I retention time. Tp, and evduation of drawdown resistance was performed. 

(9) Pinch-oft Shape Properties 
[00 711 Usingtheabove— 

havingalayerconstruction of resin example were molded. The 

hi 9 hdenatypolyethylene)/n^ 

(10) Puncture Resistance: 

,072, Usingamulti.ayerb.owmo^ 
, mm, die diameter: 120 mm) and molds havmg the same ,nlet s,z » * JJ^JJ^ { 8 D/W1) at which puncture of 
1 so 200 and 250 mm), box-shaped hollow moldings were molded and deep oraw ra» \ 
S^JSSL evaluated to hereby evaluate molding limit (puncture res,stance). 
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(11) Tank Drop Test: 



5 out at -40 "Cat a height of 6 m. 

(12) Parison Control Response 

(13) Bottle Fire Resistance Tests: 

(14) Press Plate Melting Test: 



Example! 

are shown in Table 6. 



Table 1 



Component 




HL&MFRg/10min 


Density g/cnv* 


Component 1 


70 


HW.9 


0956 


Component 2 


10 


HL=0.30 


0.942 


Component3 


20 


MFR=800 


0.970 






HL=2.3 


0.955 



Example! 

are shown in Table 6. 



Component 


Blending proportion wt% 


HL&MFR g/10min 


Density g/crrr J 


Component 1 


70 


HU1.9 


0956 | 
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Component 


Blending proportion wt% 


HL&MFRg/10min 




Component 2 


10 


HL=0.30 


0.942 


Component 3 


20 


MFR=800 


0.970 






HL=3.1 


0.957 



pimple 3 

E«2ESS2S3SSS23 

are shown in Table 6. 



Component 


Blending proportion wt% 


HL&MFRg/10min 




Component 1 


65 


HL=1.9 


0.956 


Component 2 


10 


HL=0.30 


0.942 


Components 


25 


MFR=810 


0.972 


Example 3 




HL=4.5 


0958 



pnmpflmtivfl Example 1 



[0080] 

properties data are shown in Table 6. 



Component 


Blending proportion wt% 


HL&MFRg/10min 




Component 1 


70 


HL=1.8 


0.953 


Component 2 


10 


HL=0.30 


0.942 


Component 3 


20 


MFR=790 
HL=3.0 


0.968 
~~ ~ 0.954 











properties data are shown in Table 6. 



Tables 



Component 


Blending proportion wt% 


HL&MFRg/10min 




Component 1 


90 


HL=1.9 


0.956 


Component 2 


10 


MFR=800 


0.970 
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I Component I Blending proportion wt% 


HL&MFRg/10min 




Comparative Example 2 | 


HL=4.2 


0957 I 



r^pfl^ivfi Example 3 



The results are shown in Table 6. 
r^p^tivP Example 4 

The results are shown in Table 6. 



25 



30 



35 



40 



50 
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Comparative 
Example 4 

0.951 
13000 

19 


0.029 
1.21 
1.78 

0.056 


12.6 

96 

18 
0.67 

1.0 

Pinch cracks 

1.33 


s ? a * 


Comparative 
Example 3 

0.947 

11000 

4.6 

19 


0.036 
1.29 
3.5 

0.048 


16.1 
101 
30 
1.0 
>1.25 
O 
1.46 


8 § S 2 


Comparative 
Example 2 

0.957 
15200 

4.2 

29 


0.094 
1.40 
2.97 

0.033 


« S 8 5 3 o J 


8 8 5 3 


Comparative 
Example 1 

0.954 
14000 

3.0 

31 


0.032 

1.31 

3.05 

0.025 
1 IT"T 


I 8 g °. Jj o 5? 


0 S & ? 


Example 3 
0.958 

4.5 
40 


0.033 
1.29 
2.98 
0.026 


in m 

| 8 § 9 H ° $ 


CO OD to O 

- 8 * 8 


Example 2 

0.957 
15500 

3.1 

31 


0.030 
1.30 
3.01 

0.024 


107 
>60 
1.0 
>1.25 
O 

1.51 


^ J N « 

- 8 0 «i 


Example 1 
0.955 

2.3 
40 


0.029 
1.32 
2.85 


101 
>60 
1.0 
>1.25 

1.50 


I I I I 


ITEMS 

Density (g/cm 3 ) 
Flexural modulus (Kgf/cm 2 ) 

HLMFR (o/1 Omin) 
Molecular weight distribution 
(Mw/Mn) 


Die swell Slope (a) 
properties intercept (b) 
Stress ratio ( a max/ o 1 .0) 

a Value 
Time for breakaae (second) 


Extrusion properties (kg/hr) 
Drawdown resistance (Tp: second) 
Pinch-off shape properties (t/T) 
Puncture resistance 
(Blow ra«o:D/Wl) 
Tank drop test (-40 °C, 6m) 
Parison control response (T p/Ts) 


n n n n 


Bottle fire resistance test 
(hole opening time: second) 

Press plate melting test 
(melting time: second) 
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INDUSTRIAL APPLICABILITY 

[00841 As described above, by use of the (co)polymer of the present invention there can be obtained 
ings which are excellent in drawdown resistance, puncture resistance, parison control ^^P'^f^. 
ire resistance, causes no local thinning and is excellent in mechanical strength such as impact strength arc Ugrirty.lt 
can bl used advantageously as a material for blow molding of large hollow moldings such as fuel tanks and drum cans 
having complicated shapes such as baffles. 

Claims 

1 . An ethylene (co)polymer which satisfies the following requirements (a) to (d) : 

(a) a density of 0.93 to 0.98 g/cm 3 , 

(b) a molecular weight distribution (Mw7Mn) of 25 to 50, 

c that values of slope a and of intercept b obtained from a die swell (DS) and a shear rate M measured .n a 
region of shear rate (y) (6.06 to 24.8 sec" 1 ) at 230 °C. in accordance with the equation (1) below 



DS = axLn( r )+b 



(D 



are such that a^O.05 and b§1 .45, . 

(d) that the stress ratio of a stress (a) at a strain of 1 .0 to a maximum stress (amax) in a stress-stram curve in 
uniaxial stretching at 0.1 sec" 1 measured at 170 °C is such that amax/a£2.1 . 

2. The ethylene (copolymer as claimed in claim 1 , wherein the ethylene (co)polymer further satisfies the requirement 
(e) that a value of (a) as defined by the equation (2) below 

a-sn ( 2 ) 

(wherein a is e/1 when e defined by e = -Lnfsample diameter after t seconds I ,/initial samp' 6 c '' am ?^f'' Jj^Jj^S 
when uniaxial stretched under a constant tension such that ^^^ 0 ^ ma T^lt^. 
measured at 1 70 °C is 3.0x10* Pa is not greater than 0.03 and time for sample breakage is not shorter than 

3. The ethylene (co)polymer as claimed in claim 1 or 2, wherein the ethylene (co)polymer further satisfies the require- 
ment (f) HLMFR s 10 g/10 min. 

4. The ethylene (copolymer as claimed in any one of claims 1 to 3, wherein the ethylene (co)polymer has a C 3 . 20 a- 
olefin content of 10 mol% or less. 

5. A hollow molding comprising the ethylene (copolymer as claimed in any one of claims 1 to 4, or composition 
thereof. 

6. The hollow molding as claimed in claim 4, wherein the hollow molding is a fuel tank. 

7. A laminate comprising a layer comprising at least the ethylene (co)polymer as claimed in any one of claims 1 to 4 
or compositions thereof and a barrier layer. 

8. The laminate as claimed in claim 7, wherein the laminate comprises at least a layer of the ethylene (co)polymer as 
claimed in any one of claims 1 to 4 or compositions thereof, an adhesive layer, and a barrier layer. 

9. The laminate as claimed in claim 7 or 8. wherein the barrier layer comprtees at least one member 
polyamide resins, ethylene/vinyl acetate copolymer sapontfication products, poly(meth)acrylon.trile resins, polya 
cetal resins, polyester resins, polyvinylidene chloride resins or compositions thereof. 

1 0. The laminate as claimed in claim 8 or 9. wherein the adhesive layer comprises at least wf*^*™^ Sn^nd 
from the group consisting of copolymers of unsaturated carboxylic acids or der.vat.ve6 ^^JVJ 
mod«ied polyolefin resins grafted with unsaturated carboxylic acids or derrvabves and m,xtures of the adhesive 
resin with unmodified polyolefin. 
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12. The 

tank. 



btow molded multilayer product as daimed in claim 11. wherein the Wow molded multilayer product is a ft 



S^e^(co) P olymer as daimed in any 0 neofclairns1to3.orcomp«,tonsofthemw l th P olyolef,n 
resins, a barrier layer, and optionally an adhesive layer. 
14. The blow molded multilayer product as claimed in claim 13, wherein the Wow molded multilayer product is a fuel 



tank. 
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5. , ' . 



Fig.l 




(b) (c) 
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